Biosynthesis of yeast mannan. Isolation of Kluyveromyces lactis mannan mutants and a study of the incorporation of N-acetyl-D-glucosamine into the polysaccharide side chains.
One side chain in the cell wall mannan of the yeast Kluyveromyces lactis has the structure (see article). (Raschke, W. C., and Ballou, C. E. (1972) Biochemistry 11, 3807). This (Man)4GNAc unit (the N-acetyl-D-glucosamine derivative of mannotetroase) and the (Man)4 side chain, aMan(1 yields 3)aMan(1 yields 2)aMan(1 yields 2)Man, are the principle immunochemical determinants on the cell surface. Two classes of mutants were obtained which lack the N-acetyl-D-glucosamine-containing determinant. The mannan of one class, designated mmnl, lacks both the (Man)4GNAc and (Man)4 side chains. Apparently, it has a defective alpha-1 yields 3-mannosyltransferase and the (Man)4 unit must be formed to serve as the acceptor before the alpha-1 yields 2-N-acetyl-glucosamine transferase can act. The other mutant class, mnn2, lacks only the (Man)4GNAc determinant and must be defective in adding N-acetylglucosamine to the mannotetrasose side chains. Two members of this class were obtained, one which still showed a wild type N-acetylglucosamine transferase activity in cell-free extracts and the other lacking it. They are allelic or tightly linked, and were designated mnn2-1 mnn2-2. Protoplast particles from the wild type cells catalyzed a Mn2+-dependent transfer of N-acetylglucosamine from UDP-N-acetylglucosamine to the mannotetraose side chain of endogenous acceptors. Exogenous mannotetraose also served as an acceptor in a Mn2+-dependent reaction and yielded (Man)4GNAc. Related oligosaccharides with terminal alpha (1 yields 3)mannosyl units were also good acceptors. The product from the reaction with alphaMan(1 yields 3)Man had the N-acetylglucosamine attached to the mannose unit at the reducing end, which supports the conclusion that the cell-free glycosyltransferase activity is identical with that involved in mannan synthesis. The reaction was inhibited by uridine diphosphate. Protoplast particles from the mmnl mutants showed wild type N-acetylglucosamine transferase activity with exogenous acceptor, but they had no endogenous activity because the endogenous mannan lacked acceptor side chains. Particles from the mnn2-1 mutant failed to catalyze N-acetylglucosamine transfer. In contrast, particles from the mnn2-2 mutant were indistinguishable from wild type cells in their transferase activity. Some event accompanying cell breakage and assay of the mnn2-2 mutant allowed expression of a latent alpha-1 yields 2-N-acetylglucosamine transferase with kinetic properties similar to those of the wild type enzyme.